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Motivation for seaMotivation for sea--level rise research level rise research 

Best Estimate ~ 48 cm / 100 year

Predicted Sea-Level Rise over 
the next 100 years

(IPCC, 2001)



Coastal Vulnerability to 
Sea-Level Changes

Ü Relative Sea-level

ÜWave Heights

Ü Tide Range 

Ü Coastal Erosion Rates

Ü Coastal Slope

Ü Geomorphology Gulf Islands NSGulf Islands NS
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Atlantic Coast

Pacific Coast

Gulf Coast
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ObjectivesObjectives

Relative Coastal Vulnerability of National Park Resources Relative Coastal Vulnerability of National Park Resources 
to Seato Sea--Level RiseLevel Rise

§§Elizabeth A. Pendleton, E. Robert Thieler, S. Jeffress Williams,Elizabeth A. Pendleton, E. Robert Thieler, S. Jeffress Williams,
Rebecca L. Beavers, and Erika S. Rebecca L. Beavers, and Erika S. HammarHammar--KloseKlose

Highlight areas Highlight areas 
where coastal where coastal 
change as a result change as a result 
of seaof sea--level change level change 
may be most likely may be most likely 
to occur.to occur.

Provide NPS with a Provide NPS with a 
quantitative tool to quantitative tool to 
assist in managing assist in managing 
resources that may resources that may 
be vulnerable to be vulnerable to 
SLR.SLR.

MotivationMotivation
The rate of The rate of eustaticeustatic
SLR is expected to SLR is expected to 
accelerate based on accelerate based on 
studies considered studies considered 
by the IPCC.by the IPCC.

The best estimate of The best estimate of 
SLR rate for the 21SLR rate for the 21stst

century is 4.8 mm/yr; century is 4.8 mm/yr; 
this is more than this is more than 
double the rate for double the rate for 
the past 100 yr the past 100 yr ---- 1.8 1.8 
mm/yr. mm/yr. 



GULF OF MEXICOGULF OF MEXICO
Dry Tortugas NPDry Tortugas NP
Gulf Islands NSGulf Islands NS
Jean Lafitte NHPJean Lafitte NHP
Padre Island NSPadre Island NS
DeSoto NMEMDeSoto NMEM

PACIFIC COASTPACIFIC COAST
Channel Islands NPChannel Islands NP
Golden Gate NRAGolden Gate NRA
Olympic NPOlympic NP
Point Reyes NSPoint Reyes NS

PROPOSED PARKS FOR COASTAL PROPOSED PARKS FOR COASTAL 
VULNERABILITY INDEX (CVI) ASSESSMENTVULNERABILITY INDEX (CVI) ASSESSMENT

PACIFIC ISLANDSPACIFIC ISLANDS
KalokoKaloko--Honokohau NHPHonokohau NHP
NP of American SamoaNP of American Samoa
War in the Pacific NHPWar in the Pacific NHP

GREAT LAKESGREAT LAKES
Apostle Islands NLApostle Islands NL
Indiana Dunes NLIndiana Dunes NL
Sleeping Bear Dunes NLSleeping Bear Dunes NL

NORTHEASTNORTHEAST
Assateague Island NSAssateague Island NS
Cape Cod NSCape Cod NS
Colonial NHPColonial NHP
Fire Island NSFire Island NS
Gateway NRAGateway NRA

ALASKAALASKA
Kenai Fjords NPKenai Fjords NP
Glacier Bay NPPGlacier Bay NPP

SOUTHEAST SOUTHEAST 
Cape Hatteras NSCape Hatteras NS
Cumberland NSCumberland NS
Virgin Islands NPVirgin Islands NP

mapped with USGS funding

mapped with Fee Demonstration funding

mapped with NRPP funding



The CVI GIS database The CVI GIS database 

Acquire high resolution 
shoreline for the park

begin joining existing
data for vulnerability 
assessment to the  
shoreline shapefile
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VARIABLES

GEOMORPHOLOGY
Aerial Photography from MassGIS 

and USGS

http://edcwww.cr.usgs.gov/      http://www.state.ma.us/mgis/

SHORELINE 
EROSION/ACCRETION 

(m/yr)

USGS Administrative Report: The 
Massachusetts Shoreline Change 

Project: 1800s -1994              
(Thieler et al., 2001)

http://www.state.ma.us/czm/shorelinechange.htm

COASTAL SLOPE (%)
NGDC Coastal Relief Model                   

Vol 01   12/17/1998

http://www.ngdc.noaa.gov/mgg/

RELATIVE SEA-LEVEL 
CHANGE (mm/yr)

NOAA Technical Report NOS CO-
OPS 36 SEA LEVEL 

VARIATIONS OF THE UNITED 
STATES 1854-1999 (Zervas, 

2001)
http://www.co-
ops.nos.noaa.gov/publications/techrpt36doc.pdf

MEAN SIGNIFICANT 
WAVE HEIGHT (m)

North Atlantic Region WIS Data 
(Phase II) and NOAA National Data 

Buoy Center http://bigfoot.wes.army.mil/u003.html  
http://seaboard.ndbc.noaa.gov/

MEAN TIDE RANGE (m)
NOAA/NOS CO-OPS Historical 

Water Level Station Index http://www.co-
ops.nos.noaa.gov/station_index.shtml?state=Complete+Ind
ex&id1=06&id2=1&id3=2&id4=7&id5=8&id6=9

                                                     SOURCE



VERY LOW LOW MODERATE HIGH VERY HIGH

GEOMORPHOLOGY
Rocky, cliffed 
coasts Fjords

Medium cliffs 
Indented coasts

Low cliffs     
Glacial drift   

Alluvial plains

Cobble Beaches 
Estuary          
Lagoon

Barrier beaches, 
Sand beaches, 

Salt marsh,  Mud 
flats, Deltas,       
Mangroves,       
Coral reefs

SHORELINE 
EROSION/ACCRETION 

(m/yr)
> 2.0 1.0 - 2.0 -1.0 - 1.0 -2.0 - -1.0 < -2.0

COASTAL SLOPE (%)
> 1.20                   
>1.90

1.20 - 0.90      
1.90 -1.30

0.90 - 0.60        
1.30 - 0.90

0.60 - 0.30        
0.90 - 0.60

< 0.30             
<0.60

RELATIVE SEA-LEVEL 
CHANGE (mm/yr)

< 1.8 1.8 - 2.5 2.5 - 3.0 3.0 - 3.4 > 3.4

MEAN WAVE HEIGHT (m)
< 0.55                          
< 1.10

0.55 - 0.85           
1.1 - 2.0

0.85 - 1.05         
2.0 -2.25

1.05 - 1.25         
2.25 - 2.60

> 1.25                    
> 2.60

MEAN TIDE RANGE (m) > 6.0 4.0 - 6.0 2.0 - 4.0 1.0 - 2.0 < 1.0

5
VARIABLES

1 2 3 4

Ranges for Vulnerability Ranking of VariablesRanges for Vulnerability Ranking of Variables

Atlantic/Gulf Ranges
Pacific Ranges



Coastal Vulnerability Index (CVI)Coastal Vulnerability Index (CVI)
CalculationCalculation

where a = geomorphology, 
b = shoreline erosion/accretion rate, 

c = regional coastal slope, 
d = relative sea-level change, 

e = mean significant wave height, 
and f = mean tidal range

6
fedcba

CVI
∗∗∗∗∗

=



CVI Methods
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•Cape Cod NS
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Cape Cod National Cape Cod National 
Seashore (CACO)Seashore (CACO)
Located in MassachusettsLocated in Massachusetts



very high

low

very high

very high

Geomorphologic Vulnerability for CACOGeomorphologic Vulnerability for CACO
moderate

low



high

moderate

Shoreline Change VulnerabilityShoreline Change Vulnerability
for CACOfor CACO

moderate 
to high



Regional Coastal Slope Regional Coastal Slope 
Vulnerability for CACOVulnerability for CACO

high

moderate

very low

very high

C

D

B

A



Physical Process Variables Physical Process Variables 
for CACOfor CACO



CVI Assessment for CACOCVI Assessment for CACO

1996 location
1996 location
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Gulf Islands National Gulf Islands National 
Seashore (GUIS)Seashore (GUIS)

Located in Florida and MississippiLocated in Florida and Mississippi



CVI Assessment CVI Assessment 
for Gulf Islands for Gulf Islands 

National SeashoreNational Seashore

Fort Massachusetts On West Ship 
Island (high to very high vulnerability)

Fort Pickens on Santa Rosa 
Island (low vulnerability)

CVI Assessment CVI Assessment 
for Gulf Islands for Gulf Islands 

National SeashoreNational Seashore

Fort Massachusetts On West Ship 
Island (high to very high vulnerability)

Fort Pickens on Santa Rosa 
Island (low vulnerability)



After Hurricane Ivan
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Fire Island National Fire Island National 
Seashore (FIIS)Seashore (FIIS)
Located in New YorkLocated in New York



Geomorphologic Vulnerability for FIISGeomorphologic Vulnerability for FIIS
Historical Inlet locations (after Leathermanand Joneja , 1980). 



Shoreline Change Shoreline Change 
Vulnerability for FIISVulnerability for FIIS



CVI Assessment for FIISCVI Assessment for FIIS

http://pubs.usgs.gov/of/2003/of03http://pubs.usgs.gov/of/2003/of03--439/439/
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Cape Hatteras National Cape Hatteras National 
Seashore (CAHA)Seashore (CAHA)
Located in North CarolinaLocated in North Carolina



Geomorphologic Vulnerability for CAHAGeomorphologic Vulnerability for CAHA



Shoreline Change VulnerabilityShoreline Change Vulnerability
for CAHAfor CAHA



CVI Assessment for CAHACVI Assessment for CAHA
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Olympic National Park Olympic National Park 
(OLYM)(OLYM)

Located in WashingtonLocated in Washington



Kalaloch Lodge

Wedding Rocks --petroglyph

Sand Point—Shell Midden

Cedar Creek—Shell Midden

CVI Assessment for OLYMCVI Assessment for OLYM



CVI Assessment CVI Assessment 
for OLYMfor OLYM

used for GMPused for GMP
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CVI Assessment CVI Assessment 
for National Park of for National Park of 

American SamoaAmerican Samoa



CVI Assessment for other CVI Assessment for other 
National Park UnitsNational Park Units

Dry Tortugas NPDry Tortugas NP Kenai Fjords NPKenai Fjords NP

Assateague Island NSAssateague Island NSCumberland Island NSCumberland Island NSGateway NRAGateway NRA



CVI Project SummaryCVI Project Summary

The results from this study can be used in The results from this study can be used in 
at least two waysat least two ways

1)1) To identify areas within the park where To identify areas within the park where 
physical change as a result of seaphysical change as a result of sea--level rise level rise 
may be most likely to occurmay be most likely to occur

2) As a planning tool for managing and protecting 2) As a planning tool for managing and protecting 
resources within National Parksresources within National Parks
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ProductsProducts

1)1) Open File Report in Open File Report in 
Electronic Book Electronic Book 
FormatFormat

2)2) Shapefiles and Shapefiles and 
project files used in project files used in 
analysis with analysis with 
metadatametadata

1

2



CVI website
http://woodshole.er.usgs.gov/project-pages/nps-cvi/







CVI website
http://woodshole.er.usgs.gov/project-pages/nps-cvi/


